L
ife is really getting complicated in the world of eukaryotic transcription. In the good old days, we were comfortable in the belief that transcription occurred primarily across the coding region of a gene, producing an mRNA for translation. However, over the past few years, this view has been turned topsy-turvy. Improved microarray and sequencing technologies have revealed that our picture of transcription was far too simple, as transcription actually occurs essentially everywhere, including both coding regions and noncoding regions, and often on both strands (for recent reviews see refs. 1 and 2). Although some of the noncoding RNAs are known and have been well studied, such as tRNAs, rRNAs, and micro RNAs (miRNAs), the majority of them are longer RNAs of unknown function, generally referred to as noncoding (nc)RNAs. The information about possible functions for these ncRNAs is scant, and their possible biological significance has been the subject of considerable speculation (3, 4) . ncRNAs have been demonstrated to play transcriptional regulatory roles in a small number of cases, and these examples point toward a diversity of mechanisms by which they may regulate transcription (reviewed in ref. 1). Now, an article in this issue of PNAS (5) has brought new insights into the possible roles for ncRNAs, revealing for the first time that the interplay between the expression of two of them, transcribed on opposite strands, can exert epigenetic, metastable control on the transcription of the adjacent protein-encoding gene.
The report by Bumgarner et al. (5) addresses the mechanism of regulation of the Saccharomyces cerevisiae FLO11 gene, which encodes a cell-wall glycoprotein controlling cell-cell adhesion. Earlier studies of FLO11 expression had demonstrated that it is a gene with intriguing regulatory properties; those studies showed that within a population of cells, FLO11 transcription is variegated (6) . That is, in some cells FLO11 is expressed and in others it is silent. The variegated expression of FLO11 has profound consequences on S. cerevisiae growth: when FLO11 is on, diploid cells grow in filaments called pseudohyphae and haploid cells invade the agar when grown on plates (6-8); when FLO11 is off, neither of these events occurs and the cells grow in their familiar budding pattern (6) . Previous analysis of the FLO11 5Ј regulatory region identified it as one of the largest in the S. cerevisiae genome (Ϸ3.4 kb), and showed that FLO11 transcription is regulated by two signal transduction pathways and several transcription factors, all acting via cisacting elements spread across the FLO11 regulatory region (9) .
The new results by Bumgarner et al. (5) revolve around the striking discovery that the large regulatory region of FLO11 is transcribed by two ncRNAs of different sizes that are produced in an overlapping fashion on opposite strands (Fig. 1) (12, 13) , alterations in chromatin structure (14) , and the recruitment of histone modifications by transcription (15) (16) (17) . In many of these cases, it is the act of transcription, rather than the transcript itself, that is key for the regulation. However, there is also evidence that some ncRNAs can act in trans (13, 18) . Thus, even this small sample suggests that there is a multitude of possible mechanisms by which ncRNAs may act to regulate transcription.
In larger eukaryotes, a large number of ncRNAs are expressed across the genome and the evidence is mounting for their biological significance, based on conservation, expression patterns, and chromatin structure (for example, see refs. 19 and 20) . One of the first examples of a functional ncRNA came from studies of globin expression (21) . In metazoans, some ncRNAs function in trans, including the well-studied Xist RNA involved in mammalian X-inactivation (22) , the ncRNAs roX1 and roX2 in the Drosophila Msl complex (23), and the recently described HOTAIR RNA (24) . The suggested roles for ncRNAs are broad, and include imprinting and other types of epigenetic control (25, 26) .
The results in the paper by Bumgarner et al. tion by ncRNAs have now been discovered that we can no longer assume that a regulatory site functions to directly regulate a nearby protein-encoding gene. Instead, it may control expression of an ncRNA. At FLO11, a large number of sequence elements and transacting regulators have been identified (9) , and three factors have now been shown to directly regulate expression of the ncRNAs rather than FLO11 (5) . Similarly, recent studies have shown that sequence elements that control transcription of Xist actually control the expression of regulatory intergenic transcription (22) . Clearly, future studies of gene regulation will need to more prominently consider roles for ncRNAs. In larger eukaryotes, this may present a significant challenge, as in yeast it has been shown that many ncRNAs are unstable and are detectable only in particular mutant backgrounds (27) . The same seems likely to be true in larger eukaryotes, where this issue has not yet been tested.
The other related and interesting issue raised by Bumgarner et al. (5) is the use of two ncRNAs to confer variegated transcription. What is the advantage of using two ncRNAs? Because transcription of each one likely blocks expression of the other, they may provide more sensitivity for the switch between on and off. In addition, they may provide more opportunities to respond to changes in environmental and genetic conditions. Some of these answers will come to light as this system is dissected further. In conclusion, this work has identified a previously unknown class of gene regulation and has provided a foundation upon which to understand variegated expression. Given the widespread occurrence of variegation in nature, it will be of interest to see how often this mechanism is used and what others exist.
